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Description 



This invention relates to a hemodialysis liquid 
feed system for feeding hemodialysis liquid to 
one or more hemodialysis machines, which com- 
prises at least one principal container for contain- 
ing the hemodialysis liquid or a liquid component 
thereof and to a method of producing a stable 
aqueous sodium bicarbonate solution and such a 
stable aqueous sodium bicarbonate solution. 

More particularly this invention relates to a 
hemodialysis liquid feed system providing not 
only means for driving hemodialysis liquid or 
liquid components or liquid concentrates thereof 
from a container containing such liquids, but also 
means for securing the stability of otherwise 
unstable hemodialysis liquid components, in par- 
ticular sodium bicarbonate solution or 
concentrate. 

Present hemodialysis liquid feed systems, i.e. 
for feeding a concentrate from a container to a 
proportioning system where the concentrate is 
diluted to the correct dilution for use in a 
hemodialysis procedure, normally involve the use 
of pumps although gravity feed systems from 
central delivery systems have been considered. It 
has now been found, in accordance with the 
invention, that gas pressure applied in containers, 
for example containing a hemodialysis liquid 
concentrate or a liquid component thereof pro- 
vides a very convenient and useful driving force 
which is readily available. This aspect, coupled 
with the fact that the gas employed in accordance 
with the invention is carbon dioxide, provides 
means for stabilizing sodium bicarbonate concen- 
trates or the sodium bicarbonate dialysis liquid 
component of the dialysis procedure known as 
sodium bicarbonate dialysis. 

Sodium bicarbonate dialysis has over the past 
years become recognised to be preferable to 
acetate dialysis. Acetate comprised in acetate 
dialysis liquid in acetate dialysis is transported 
into the blood stream of a patient undergoing 
treatment across the membrane of a membrane 
exchange device. The acetate is then metabolised 
by the liver to bicarbonte and in this fashion 
depleted bicarbonate buffer reserves can be 
restored. At least the initial stages of acetate 
dialysis can be uncomfortable for some patients 
and certain patients do not appear to tolerate 
acetate as well as others. Bicarbonate dialysis on 
the other hand provides an immediate availability 
of bicarbonate in the blood stream. 

One factor which has had a limiting effect on 
change from acetate dialysis to bicarbonate dialy- 
sis is the poor stability of bicarbonate solutions. 
The sodium bicarbonate forms sodium carbonate 
and 1056* caroon dioxide to the atmosphere. This 



apparatus carbon dioxide is dissolved in water in 
a mixer. After this the water containing the dis- 
solved carbon dioxide is heated and the gas is 
removed from the fluid by a vent device and the 
5 fluid is used as dilute fluid which is mixed with a 
concentrate fluid component and a sodium hlcar- 
bonate solution. 

In accordance with the invention, it has been 
found that sodium bicarbonate solutions, or con- 
to centrates, useful in bicarbonate dialysis, can be 
stabilized by introducing a freshly prepared aque- 
ous bicarbonate solution into an air-tight con- 
tainer, displacing air above the level of the sol- 
ution with carbon dioxide, and introducing car- 
15 bon dioxide under pressure into the container so 
that pressure in the container is in excess f 
atmospheric pressure. The pressure in the con- 
tainer is preferably at least 1.2 atmospheres and 
up to 2.5 atmospheres, a pressure of about 1.8 

20 atmospheres being preferred. 

The same considerations as above apply t 
hemodialysis liquid feed systems where 
hemodialysis liquid or hemodialysis liquid com- 
ponents, such as the above-mentioned bicarbo- 

25 nate component are preferably available in 
storage for ready use. Thus, a hemodialysis liquid 
feed system in accordance with the invention 
comprises at least one principal container for 
containing the hemodialysis liquid or a liquid 

30 component thereof, and is characterized in that 
the principal container contains a sodium bicar- 
bonate hemodialysis liquid component and in 
that the system comprises connection means for 
connecting said principal container to a source of 

is carbon dioxide under super-atmospheric 
pressure, pressure regulator means operative 
between the source of carbon dioxide and the 
principal container to regulate the pressure value 
in the principal container and maintain this at a 

40 value in excess of atmospheric pressure, and 
conduit means leading from the principal con- 
tainer for connection to the one or more 
hemodialysis machines. The gas pressure in the 
principal container most preferably provides a 

45 force on liquid in the container which is adequate 
to drive the liquid to the hemodialysis machine. 

The acid hemodialysis liquid component will 
for example comprise such components as mag- 
nesium, calcium, chloride, hydrogen ions, and an 

so amount of acetate which assists in maintaining 
sterility of the solution. The bicarbonate com- 
ponent needs to be separated from the acid 
component since precipitation of calcium and 
magnesium would otherwise take place. 

55 So that a more convenient means is available 
for sensing depletion of a principal container, a 

subsidiar y rantain** ™fy h+ pgQMided rtnwn. 



leads to a lowering of bicarbonate content in the 
solution and an increase in the pH of the solution 
as a result of the presence of sodium carbonate 
formed. 

A method and an apparatus for preparing fluids 
of accurately proportioned components is dis- 
closed in GB — A — 2 069 855. In this known 



stream of the principal container, i.e. intermediate 
the principal container and the hemodialysis 

60 machine. The principal container, or if a subsidi- 
ary container is provided may comprise level 
sensor means and an electrovalve may be pro- 
vided in the conduit and arranged to close auto- 
matically when the level of liquid in the container 

65 falls below a predetermined level. 
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A conductivity probe may furthermore be pro- 
vided in the conduit means for measuring the 
conductivity of liquid flowing to the hemodialysis 
machine. The electrovalve mentioned above may 
similarly be arranged to close automatically if the 
conductivity of the liquid is not within predeter- 
mined limit values. 

The invention will now be described with ref- 
erence to the accompanying drawings showing 
an exemplary hemodialysis liquid feed system of 
the invention. In the drawings: 

Figure 1 is a schematic diagram of a hemodialy- 
sis liquid feed system; and 

Figure 2 is a side view of principal containers 
arranged in tandem fashion, which containers 
may also find application for transport of 
hemodialysis liquids. 

Referring to Figure 1. principal containers 10 
and 12 are provided for containing an acid com- 
ponent and a bicarbonate component. A source of 
carbon dioxide 14 is connected to each of the 
containers 10 and 12 via gas leads 16. Pressure 
regulator means 18 is operative between the 
source of carbon dioxide 14 and the principal 
container 10 and 12, which is employed to regu- 
late the pressure in the containers and maintain 
this at a value in excess of atmospheric pressure. 
Reference numerals 17 and 19 respectively refer 
to manometers for measuring the gas pressure in 
carbon dioxide source 14 and in gas leads 16. 

Conduit means 20 lead from the principal con- 
tainers 10 and 12 for connection to one or more 
hemodialysis machines (not shown). Level sensor 
means 22 are provided in each of the containers 
for sensing the level of dialysis liquid or com- 
ponent in the containers. Electrovalves 24 are 
arranged to close automatically, via electronic 
control 28 when the level of liquid falls below a 
predetermined level. Conductivity probes 26 are 
provided to measure the conductivity of solutions 
passing through the conduits 20 and the elec- 
trovalves 24 are similarly arranged to close auto- 
matically via electronic control 28 if the conduc- 
tivity of the solution deviates outside of predeter- 
mined limit values. 

In Figure 2, the principal containers 10, 12 are 
mounted in tandem fashion on a stand 30. Con- 
nection means 32, 34 are provided for respective 
connection to the carbon dioxide source 14 and to 
conduit means 20 shown in Figure 1. 

Claims 

1. A hemodialysis liquid feed system for feed- 
ing hemodialysis liquid to one or more 



one principal container (10, 12) for containing the 
hemodialysis liquid or a liquid component 
thereof, characterized in that the principal con- 
tainer contains a sodium bicarbonate hemodialy- 
sis liquid component and Fn that the system 
comprises connection means (16) for connecting 
said principal container to a source of carbon 
dioxide (14) under super-atmospheric pressure, 
pressure regulator means (18) operative between 



the source of carbon dioxide and the principal 
container to regulate the pressure value in the 
principal container and maintain this at a value in 
excess of atmospheric pressure, and conduit 
5 means (20) leading from the principal container 
for connection to the one or more hemodialysis 
machines. 

2. A hemodialysis liquid feed system according 
to claim 1, in which the pressure value in the 

w principal container provides a force on 
hemodialysis liquid or a liquid component thereof 
in the principal container, which force is adequate 
to drive the hemodialysis liquid or liquid com- 
ponent from the principal container t the 

t5 hemodialysis machine. 

3. A hemodialysis liquid feed system according 
to claim 1 or claim 2, in which two principal 
containers (10, 12) are provided, one for contain- 
ing one hemodialysis liquid component and the 

20 other for containing another hemodialysis liquid 
component 

4. A hemodialysis liquid feed system according 
to any one of the preceding claims, in which a 
subsidiary container is provided in the conduit 

25 means, intermediate the principal container and 
the one or more hemodialysis machines. 

5. A hemodialysis liquid feed system according 
to any one of the preceding claims, in which level 
sensor means is provided for sensing the level of 

30 hemodialysis liquid or hemodialysis liquid com- 
ponent in the principal container or subsidiary 
container. 

6. A hemodialysis liquid feed system according 
to claim 5, in which an electrovalve is provided in 

35 the conduit means which is arranged to auto- 
matically close the conduit means in response to 
a signal from the level sensor when the level of 
liquid in the container fails below a predeter- 
mined level. 

40 7. A hemodialysis liquid feed system according 
to any one of the preceding claims, iff which a 
conductivity probe is provided in the conduit 
means for measuring the conductivity of the 
hemodialysis liquid or hemodialysis liquid com- 

45 ponent flowing in the conduit means. 

8. A hemodialysis liquid feed system according 
to claim 7, in which an electrovalve is provided in 
the conduit means which is arranged to auto- 
matically close the conduit means in response to 

5a a signal from the conductivity probe when the 
conductivity of the hemodialysis liquid or 
hemodialysis liquid component deviates outside 
of predetermined limit values. 

9. A method of producing a stable aqueous 
55 sodium bicarbonate solution, which comprises 

th e steps uf ii u i uUucl n y a freshly prepared 

aqueous bicarbonate solution into an air-tight 
container, displacing air above the level of the 
solution with carbon dioxide, and introducing 
60 carbon dioxide under pressure into the container 
so that pressure in the container is in excess of 
atmospheric pressure. 

10. A stable aqueous sodium bicarbonate solu- 
tion in which the space above the level of a freshly 

65 prepared bicarbonate solution contained in an air- 
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tight container is filled with carbon dioxide and in 
which the carbon dioxide is under super-atmos- 
pheric pressure. 

Patentanspruche 

1. Forderungssystem fur HamodialyseflGssig- 
keit zum Zufuhren von Hamodialyseflussigkeit zu 
einer Oder mehreren Hamodialysemaschinen, 
welches wenigstens einen Hauptbehalter (10, 12) 
zur Aufnahme der Hamodialyseflussigkeit Oder 
einer Flussigkeitskomponente von dieser auf- 
weist dadurch gekennzeichnet daS der Hauptbe- 
halter eine Natriumbiltartwnet-Hamodialyseflus- 
sigkeitskomponente enthalt und daG das System 
eine Verbindungseinrichtung (16) zum Verbinden 
des Hauptbehelters mit einer Quelle von unter 
Oberatmospharendruck stehendem Kohlen- 
dioxyd (14), eine Druckregeleinrichtung (18), die 
zwischen der Kohlendioxydquelle und dem 
Hauptbehalter betatigbar ist, um den Druckwert in 
dem Hauptbehalter zu regeln und diesen auf 
einem Wert uber Atmospharendruck zu halten, 
und eine Leitungseinrichtung (20) aufweist das 
von dem Hauptbehalter zur Verbindung mit der 
einen oder den mehreren Hamodialyse- 
maschinen gefuhrt ist. 

2. Forderungssystem fur Hamodialyseflussig- 
keit nach Anspruch 1, wobei der Druckwert in 
dem Hauptbehalter eine Kraft auf die Hamo- 
dialyseflussigkeit Oder eine Flussigkeitskompo- 
nente von dieser in dem Hauptbehalter ausubt 
welche geeignet ist, die Hamodialyseflussigkeit 
Oder die Flussigkeitskomponente von dem Haupt- 
behalter zu der Hamodialysemaschine zu fordem. 

3. Forderungssystem fur Hamodialyseflussig- 
keit nach Anspruch 1 oder 2, wobei zwei Hauptbe- 
halter (10, 12) vorgehen sind und wobei einer zur 
Aufnahme einer Hamodialyseflussigkeitskompo- 
nente und der andere zur Aufnahme einer ande- 
ren HamodialyseflOssigkeitskomponente vorge- 
sehen ist. 

4. Forderungssystem fur Hamodialyseflussig- 
keit nach einem der vorhergehenden Anspruche, 
wobei ein Nebenbehalter in der Leitungseinrich- 
tung zwischen dem Hauptbehalter und der einen 
oder den mehreren Hamodialysemaschinen vor- 
gesehen ist 

5. Forderungssystem fur Hamodialyseflussig- 
keit nach einem der vorhergehenden Anspruche, 
wobei eine Pegelsensoreinrichtung vorgesehen 
ist zur Erfassung des Pegels der Hamodialyseflus- 
sigkeit oder der Hamodialyseflussigkeitskom- 
ponente in dem Hauptbehalter oder dem Neben- 
behalter. 

6. Forderungssystem fur Hamodialyseflussig- 
keit nach Anspruch S, wobei em tleWroventn in 
der Leitungseinrichtung vorgesehen ist, welches 
angeordnet ist um automatisch die Leitungsein- 
richtung ansprechend auf ein Signal von dem 
Pegelsensor zu schlieSen, wenn der Ftussigkeits- 
pegel in dem Behaiter unter einen vorbestimmten 
Pegel absinkt. 

7. Forderungssystem fur Hamodialyseflussig- 
keit nach einem der vorhergehenden Anspruche, 



wobei ein Leitfahigkeitssond in der Leitungs- 
einrichtung angeordnet ist zum Messen der Leit- 
fahigkeit der Ham dialyseflussigkeit oder der 
Hamodialyseflussigkeitsk mponente, die in der 

5 Leitungseinrichtung fliefit 

8. Fdrderungssystem fur Hamodialyseflussig- 
keit nach Anspruch 7, wobei ein Elektroventil in 
der Leitungseinrichtung vorgesehen ist welches 
angeordnet ist um automatisch die Leitungsein- 

io richtung ansprechend auf ein Signal von der 
Leftfahigkeitssonde zu schlieSen, wenn die Lettfa- 
higkeit der Hamodialyseflussigkeit oder der 
Hdmodialyseflussigkeitskomponente von den 
vorbestimmten Grenzwerten abwetcht. 

is 9. Verfahren zur Herstellung einer stabilen 
wassrigen NatriumbikarbonatJdsung, welches die 
Schritte der Einleitung einer frisch vorbereiteten 
wassrigen Bikarbonatldsung in einen luftdichten 
Behaiter, des Austauschs von Luft uber dem 

20 Spiegel der Losung mit Kohlendioxyd und des 
Einleitens von Kohlendioxyd unter Druck in den 
Behaiter umfaSt so daS der Druck in dem Behai- 
ter uber Atmospharendruck liegt 
10. Stabile wassrige Natriumbikarbonatldsung, 

25 wobei der Raum uber dem Spiegel einer frisch 
vorbereiteten Bikarbonatldsung, die in einem luft- 
dichten Behaiter enthatten ist, mit Kohlendioxyd 
gefullt wird und wobei das Kohlendioxyd unter 
einem Druck uber dem Atmospharendruck stent. 

30 

Rev eradications 

1. Systems d' alimentation en tiquide d'hemo- 
dialyse pour alimenter en liquide d'hemodiaryse 

35 une ou plusieurs machines d'hemodiaryse, lequel 
co mp rend au moins un reservoir principal (10, 12) 
pour contenir le liquide d'hemodiaryse ou un 
composant liquide de celui-ct. caracterise en ce 
que le reservoir principal contient un composant 

40 liquide d'hemodialyse a base de bicarbonate de 
sodium et en ce que le systeme com port e des 
moyens de raccordement (16) pour raccorder le 
dit reservoir principal a une source de dioxyde de 
carbone (14) en hyperpression, un moyen de 

45 regulation de pression ( 1 8) dispose fonctionneile- 
ment entre la source de dioxyde* de carbone et le 
reservoir principal pour reguler la_valeur de la 
pression dans le reservoir principal et la maintenir 
a une valeur superieure a la pression atmospheri- 

so que, et des moyens de canalisation (20) partant 
du reservoir principal pour etre raccordes a Tune 
ou plusieurs machines d'hemodialyse. 

2. Systeme d'alimentation en liquide d'hemo- 
dialyse selon la revendication 1, dans lequel la 

55 valeur de la pression dans le reservoir principal 
fournit une force s'exer^ant sur le liquide d'herno- 
diaiyse ou un composant nquioe oe celui-v.i J*^* 
le reservoir principal, laquelle force est suffrsante 
pour entrainer le liquide d'hemodialyse ou le 

so composant liquide du reservoir principal a la 
machine d'hemodialyse. 

3. Systeme d'alimentation en liquide d'hemo- 
dialyse selon la revendication 1 ou la revendica- 
tion 2. dans lequel sont disposes deux reservoirs 

55 principaux (10, 12), I'un pour contenir un compo- 
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sant liquide d'hemodialyse et ('autre pour conte- 
nd un autre composant liquide d'hemodialyse. 

4. Systeme d'alimentation en liquide d'hemo- 
dialyse selon Tune quelconque des revendica- 
tions precedentes. dans lequel un reservoir auxi- 
liaire est dispose dans les moyens de canalisation 
entre le reservoir principal et I'une ou plusieurs 
machines d'hemodialyse. 

5. Systeme d'alimentation en liquide d'hemo- 
dialyse selon I'une quelconque des revendica- 
tions precedentes, dans lequel un moyen de 
detection de niveau est amenage pour detecter le 
niveau du liquide d'hemodialyse ou du compo- 
sant liquide d'hemodialyse dans le reservoir prin- 
cipal ou le reservoir auxiliaire. 

6. Systeme d'alimentation en liquide d'hemo- 
dialyse selon la revendication 5, dans lequel une 
electrovanne est disposee dans les moyens de 
canalisation et amenagee pour fermer automati- 
quement les moyens de canalisation en reponse a 
un signal du detecteur de niveau lorsque le 
niveau du liquide dans le reservoir tombe en 
dessous d'un niveau predetermine. 

7. Systeme d'alimentation en liquide d'hemo- 
dialyse selon I'une quelconque des revendica- 
tions precedentes, dans lequel la sonde de 
conductrbilite est disposee dans les moyens de 
canalisation pour mesurer la conductivity du 



liquide d'hemodialyse ou du composant liquide 
d'hemodialyse s'ecoulant dans les moyens de 
canalisation. 

8. System d'alimentation en liquide d'hemo- 
5 dialyse selon la revendication 7, dans lequel une 

electrovanne est disposee dans les moyens de 
canalisation et amenagee pour fermer automati- 
quement les moyens de canalisation en reponse a 
un signal de la sonde de conductibiltte lorsque la 
w conductivity du liquide d'hemodialyse ou du com- 
posant liquide d'hemodialyse s'ecarte a I'exte- 
rieur de valours limites predeterminees. 

9. Procede d'obtention d'une solution aqueuse 
stable de bicarbonate de sodium, qui comprend 

rs les etapes ou Ton introduit une solution aqueuse 
de bicarbonate fraichement preparee, on deplace 
I'air au-dessus du niveau de la solution avec du 
dioxyde de carbons, et on introduit du di xyde de 
carbone sous pression dans le reservoir de facon 

20 a ce que la pression dans le reservoir s it supe- 
rieure a la pression atmospherique. 

10. Solution aqueuse stable de bicarbonate de 
sodium dans laquelle I'espace au-dessus du 
niveau d'une solution de bicarbonate fraichement 

2$ preparee et contenue dans un reservoir hermeti- 
que, est rem pit avec du dioxyde de carbone et 
dans laquelle le dioxyde de carbone est en hyper- 
pression. 

30 
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